Introduction
The LOS Alamos Meson Physics Facility (LAMPF) is a half-milelong particle accelerator which produces an 800 MEV proton beam with an average current of 1 mA. The first RF section of the accelerator consists of four Alvarez drift-tube structures. Each of these structures is excited by four, series-connected vacuum-tube amplifiers operating at 201.25 MHz. The high average flux of the facility requires these amplifiers to operate at a 14.3% duty factor.
The first amplifier contains a grid-modulated Burle 765 1 tetrode. This amplifier boosts the 30 W input drive to 500 W. The second amplifier also uses a Burle 7651 tetrode, but is drive-modulated. This amplifier boosts the 500 W output of the first stage to 5 kW. The third amplifier stage uses a Burle 4616 tetrode which generates 130 kW peak power. This stage is grid-and platemodulated. The final stage is a plate-modulated, Burle 7835 triode that produces 2.5 MW peak power. A block diagram of this system, including power supplies and modulators, is shown in Fig.  1 . A modernization program has been initiated to improve the reliability of each of these stages. This amplifier will operate in a drive-modulated mode. Reliability is expected to increase dramatically, since each amplifier will replace two vacuum tubes and seven high-and low-voltage power supplies. Projected MTBF for the production amplifiers is expected to be in the 10,000 hr range. The order for the four production units will be placed after the prototype is successfully tested on the accelerator. Award of the contract to the successhl bidder is expected by June 30 of this year.
Modulation Immovements for the Burle 4616 Stage
The To maintain efficiency and stability in the PA, the 4616 stage i s operated with sufficient drive to saturate the 7835 PA at a particular cathode current. Power to the linac is controlled by a closed loop system which drives the 7835 plate modulator. The 4616 is not controlled by this loop. Any droop in the capacitor bank voltage over the duration of LAMPFs long pulse (1035 microseconds) will also affect the 4616 output power due to the common connection and lack of gain control in the 4616.
As previously mentioned, a benefit of the new class AB solid state amplifier will be the ability to drive-modulate power into the 4616. Work at the Brookhaven National Laboratory (BNL) AGS Linac has demonstrated drive modulation of a 4616 with fixed dc voltage on the anode and screen grid. This reduced the system complexity and the number of power tubes in the stage. Precautions were taken to prevent screen overdissipation and minimize the chance for screen current runaway by use of currentlimited dc supplies and other protective devices [7] .
At LAMPF, a new anode power supply will be designed and installed to replace the modulator. The tentative requirements for the power supply are 17 kV dc with 3 A average current, and 15 A peak current. Because of space constraints at the RF aisle, we are considering a switching-type power supply as an alternative to a more conventional 341 ac power supply. The existing 4616 modulator chassis requires 10 square feet of floor space. A highfrequency, switching-type power supply with lightweight magnetics and compact filter components will be supplied to fit this space. The design of protective circuitry for fast shutoff and output crowbarring should be simplified due to the reduced stored energy.
In the LAMPF accelerator, converting the 4616 to drive modulation will allow removal of three tetrodes (including a 4CW100,000D) and two triodes from each 201.25 MHz RF system. This improvement will make twenty power tubes obsolete. Accelerator reliability, maintenance, and overall electrical efficiency will be improved by the removal of the associated filament, bias, screen, and plate power supplies. Power requirements will be reduced by 15 kW with the removal of 20 filament supplies and 40 kW with the removal of the pulse modulators. Significant gains in MTTF of the accelerator rf power system are expected to be the largest improvement. Fig. 2 shows the system block diagram after the solid state driver is added and the 4616 modulators are removed. The fourth stage of each 201.25 MHz RF amplifier chain is the final power amplifier, which is coupled to the linac with 14 inch diameter coaxial line. It contains a Burle 7835 super power triode which is plate modulated during the accelerator beam pulse. In addition to switching the anode voltage, this modulator operates linearly to provide closed-loop power control to the accelerator during the individual beam pulses. Drive modulation is impractical with the 7835 due to its tendency to self-oscillate when drive is removed and the anode is energized. The plate modulator consists of a parallel pair of Varianmimac 4CW250,OOOA tetrodes on a floating-deck modulator chassis.
A video-driver unit screen modulates the 4CW250,OOOAs. The control grids are boot-strapped to the screen grids to remove the cutoff bias during the on pulse and offer a path for negative grid current to ground [9] A small 3-4002 mode is driven by an incoming fiber optic signal across the floating deck. It drives the control grid of a 4CX3000A tetrode configured as a follower to provide modulated screen voltage for the hard tube modulators. The 4CX3000A screen voltage is supplied from a conventional 60 Hz ac power supply. Regulation of this supply degrades when the phasing of the master clock for the accelerator is changed relative to the ac line phasing. This dynamic regulation problem can cause incidental screen modulation which affects the rf power.
As a part of this program, an improved video-driver unit is being designed to eliminate these shortcomings. The first glass triode, the 3-4002, is being replaced with a high-voltage power MOSFET, which readily interfaces with the incoming fiber optic link receiver. Initially we considered replacing both tubes in the video driver with solid-state devices. The hard tube modulators require screen drive pulses of 2000 V at 7 A. Series connected MOSFETs can withstand the voltage requirement as a switch, but the amplitude-regulation requirements are not feasible at the present time. Also, direct connection of these semiconductors to the screen grid of the hard tube modulators would be unreliable due to the possibility of plate-to-grid breakdowns. Therefore, we will continue to use a vacuum tube between the first stage and the modulators, However, to eliminate the video-driver screen-voltage supply, a 3CX2500F3 triode is being considered to replace the 4CX3000A. Since the modulator is a low frequency circuit, elimination of both the 4CX3000A and its complex VHF socket are possible.
The required 380-V, peal-to-peak grid swing of the 3CX2500F3 can easily be supplied by a MOSFET driver. Also, the tube's peak current ratings are ample to modulate the 4CW250,OOO screen grids. Input and output capacitance are lower, while the Miller capacitance is higher for the triode. This triode has flying leads for filament and grid connections, eliminating the socket entirely.
The improved 7835 plate modulator will have a simplified video driver, with only one triode driven by a MOSFET. No changes to the hard tube modulator devices is anticipated as long life has been obtained using these tubes (typ. 15,000 hours). While the improvements to the plate modulator are relatively minor in comparison to the 4616 stage, we are attempting to address problem areas which will result in better accelerator MTTF and reduced maintenance downtime.
Summarv
An extensive program is underway to modernize the 201.25 MHz rf generators at LAMPF. This program involves changing the modulation scheme in each of the four stages of the amplifier chain. The first two stages will be completely replaced with a drive-modulated, solid-state amplifier. The third stage will be changed from plate-and screen-modulated to drive modulated. The fourth stage will have an improved driver for the modulator tube. These changes are expected to substantially improve reliability of the 201-MHz systems.
